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(54) Probe with tip having micro aperture for detecting or irradiating light, near-field optical 

microscope, recording/reproduction apparatus, and exposure apparatus using the probe, 
and method of manufacturing the probe 



(57) A probe for detecting or irradiating light 
includes a displaceable support member on a substrate, 
a tip formed on the support member, and a bonding 
layer for bonding the tip onto the support member. The- 
tip has a micro aperture. When a light-shielding layer is 



further formed on a surface of the tip, the micro aperture 
is formed on the light-shielding layer. The tip consists of 
a light transmission material. 



FIG. 1 
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Description 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a probe having a tip 
(stylus) with a micro aperture tor detecting or irradiating 
evanescent light and used in, e.g., a near-field optical 
microscope or the like, a near-field optical microscope, 
recording/reproduction apparatus, and exposure appa- 
ratus using the probe, and a method of manufacturing 
the probe. 

Related Background Art 

Recently, since the development of a scanning tun- 
neling microscope (to be abbreviated as an "STM" here- 
inafter) that can directly observe the electron structure 
of surface atoms of a conductor (G. Binnig et al., Phys. 
Rev. Lett, 49, 57 (1982)) to allow high-resolution meas- 
urement of real space images irrespective of single 
crystal and amorphous, a scanning probe microscope 
(to be abbreviated as an "SPM" hereinafter) has been 
enthusiastically studied in the field of microstructural 
evaluation of materials. 

As an SPM, a scanning tunneling microscope 
(STM), atomic force microscope (AFM), magnetic force 
microscope (MFM), and the like for detecting the sur- 
face structure using a tunneling current, atomic force, 
magnetic force, light, and the like obtained by bringing a 
probe with a micro tip close to a sample are known. 

As one developed form of the STM, a scanning 
near-field optica! microscope (to be abbreviated as an 
"SNOM" hereinafter) [Durig et al., J. Appl. Phys. 59, 
3318 (1986)] for examining the sample surface by 
detecting evanescent light leaking out from a micro 
aperture at the sharp probe distal end using an optical 
P r Qbe from the sample surface has been developed. 

Furthermore, a photon STM (to be abbreviated as a 
"PSTTvT hereinafter) [Reddick et al., Phys. Rev. B39, 
767 (1989)] as a one kind of SNOM for examining the 
sample surface by makihg light enter the sample rear 
surface via a prism under the total reflection condition, 
and detecting evanescent light leaking out through the 
sample surface using an optical probe from the sample 
surface has also been developed. 

In the SNOM, since the distal end diameter of the 
optical probe determines resolution, the probe surface 
is shielded from light and a micro apertureis formed at 
the distal end to reduce the exit size of light. As a 
method of forming such micro aperture, the following 
method has been proposed. That is, a metal is coated 
on the intersection of the cleaved surfaces of a transpar- 
ent crystal, and the crystal is pressed against a hard 
surface to remove the metal at the intersection portion 
and expose the intersection, thus forming a micro aper- 
ture (see Fig. 14A) (European Patent No. EP01 12402). 
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In another method, the distal end of an optical fiber is 
sharpened by etching, and a metal is evaporated on the 
optical fiber from only a given direction while rotating the 
fiber so as to form a portion on which no metal is evap- 

5 orated, thereby forming a micro aperture (see Fig. 14B). 
However, of the above-mentioned prior arts, when 
the optical probe has no micro aperture like in the 
PSTM, stray light other than evanescent light such as 
light scattered by the three-dimensional pattern on the 

io sample surface is detected, thus dropping the resolu- 
tion. 

On the other hand, the prior arts shown in Figs. 1 4A 
and 14B have poor productivity and can hardly attain 
integration and size reduction of the micro aperture 

is since they present micro aperture formation processes 
for only one fiber probe. Also, high cost is required due 
to complicated, time-consuming processes. Further- 
more, it is hard to strictly control the diameter of the 
micro aperture, resulting in poor reproducibility. If an EB 

20 working apparatus or FIB working apparatus is used, 
formation of an aperture with a diameter of 100 nm or 
less may be realized in principle. However, positioning 
control of such apparatus is complicated, and variations 
are readily produced. Moreover, since such working 

25 method must be done for each point, the yield is poor. 

SUMMARY OF THE INVENTION 

The present invention has been made in considera- 
30 tion of the prior arts' problems, and has as its object to 
provide: 

a micro aperture or a tip with the micro aperture 

35 (1) which can be formed with high reproducibil- 

ity. 

(2) which can be easily integrated on a sub- 
strate, and can reduce variations of aperture 
diameter upon forming a plurality of micro aper- 

40 tures, and 

(3) which has high reproducibility since it can 
be formed in a batch process; and 

(4) an integrated, compact optical probe, near- 
field optical microscope, recording/reproduc- 

45 tion apparatus, and exposure apparatus using 

the micro aperture or the tip with the micro 
aperture, and a method of manufacturing the 
micro aperture or the tip with the micro aper- 
ture, and a probe. 

50 

In order to achieve the above object, there is pro- 
vided a probe for detecting or irradiating light, compris- 
ing: 

55 a displaceable support member supported on a 
substrate; 

a tip formed on the support member and having a 
micro aperture; and 



NSDOCID; <EP_ 0860726A1 J_> 



3 



EP 0 860 726 A1 



4 



a bonding layer for bonding the tip onto the support 
member. 

In order to achieve the above object, there is also 
provided a near-field optical microscope comprising the 
above-mentioned probe- 
In order to achieve the above object, there is also 
provided a recording/reproduction apparatus compris- 
ing the above-mentioned probe. 

In order to achieve the above object, there is also 
provided an exposure apparatus comprising the above- 
mentioned probe. 

In order to achieve the above object, there is also 
provided a method of manufacturing a probe for detect- 
ing or irradiating light, comprising the steps of: 

forming a recess portion on a surface of a first sub- 
strate; 

forming a peeling layer on the first substrate includ- 
ing the recess portion; 

forming a tip consisting of a light transmission 
material on the peeling layer including the recess 
portion; 

forming a bonding layer on a second substrate; 
bonding and transferring the tip onto the bonding 
layer; and 

forming a support member for supporting the tip by 
removing a portion of the second substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a sectional view showing a probe accord- 
ing to the first embodiment of the present invention; 
Fig. 2A is a top view showing the probe of the first 
embodiment Fig. 2B is a sectional view taken 
along a line 2B - 2B in Fig. 2A. and Fig. 2C is a sec- 
tional view taken along a line 2C - 2C in Fig. 2A; 
Figs. 3A, 3B. 3C, 3D, 3E, 3F and 3G are sectional 
views showing the manufacturing processes of the 
probe of the first embodiment; 
Fig. 4 is a view showing the arrangement of a sur- 
face observation apparatus using the probe of the 
first embodiment; T 
Fig. 5 is a sectional view showing a probe accord- 
ing to the second embodiment of the present inven- 
tion; 

Figs. 6A, 6B, 6C t 6D, 6E, 6F and 6G are sectional 
views showing the manufacturing processes of the 
probe of the second embodiment; 
Fig. 7 is a view showing the arrangement of a sur- 
face observation apparatus using the probe of the 
second embodiment; 

Fig. 8 is a sectional view showing a probe accord- 
ing to the third embodiment of the present inven- 
tion; 

Fig. 9A is a top view showing the probe of the third 
embodiment, and Fig. 9B is a sectional view taken 
along a line 9B - 9B in Fig. 9A; 



Figs. 10A. 10B ( 10C. 10D. 10E, 10F and 10G are 
sectional views showing the manufacturing proc- 
esses of the probe of the third embodiment; 
Fig. 1 1 is a view showing the arrangement of a 
s recording/reproduction apparatus using the probe 
of the third embodiment; 

Figs. 12A, 12B. 12C, 12D. 12E and 12F are sec- 
tional views showing the manufacturing processes 
of a probe according to the fourth embodiment of 
w the present invention; 

Fig. 1 3 is a view showing the arrangement of an 
exposure apparatus using the probe of the fourth 
embodiment; and 

Figs. 14A and 14B are views showing the conven- 
es tional methods of manufacturing a probe. 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

The present invention can realize its object with the 
20 above-mentioned arrangements. 

The present invention will be described in detail 
hereinafter with reference to the accompanying draw- 
ings. 

A probe according to the present invention is a 

25 probe for detecting or irradiating evanescent light, and 
comprises an elastic member (support member) 10 
formed on a substrate 21, a tip 5 for evanescence 
formed on the free end portion of the elastic member, a 
light-receiving element 19 or laser 20, and a waveguide 

30 28 for optically connecting the light-receiving element 
19 or laser 20 and the tip 5. 

Figs. 3A to 3G are sectional views showing an 
example of the manufacturing processes of the probe. 
The manufacturing method will be explained below with 

35 reference to Figs. 3A to 3G. 

First, a recess portion 3 is formed on the surface of 
a first substrate 1 consisting of silicon. In order to form 
such recess portion, a protection layer 2 is formed on 
the first substrate 1 , and a desired portion of the protec- 

40 tion layer 2 is patterned by photolithography and etching 
to expose the silicon. The exposed silicon portion is 
etched by. e.g., crystallographic axis anisotropic etch- 
ing, so as to form the recess portion 3.*7& the protection 
layer 2, silicon dioxide or silicon nitrideYnay be used. 

45 Silicon is preferably etched by crystallographic axis 
anisotropic etching since it can form a tip 5 with a sharp 
distal end. When a potassium hydroxide aqueous solu- 
tion or the like is used as an etchant, an inverted pyram- 
idal recess portion 3 surrounded by four surfaces 

so equivalent to the (111) face can be formed (see Fig. 
3A). 

Second, a peeling layer 4 consisting of an oxide is 
formed on the first substrate 1 including the recess por- 
tion 3 (see Fig. 3B). 
55 Since the tip 5 is formed on the peeling layer 4 and 
is then peeled from the peeling layer 4 in a process after 
formation of the peeling layer 4, a material that allows 
easy peeling of the material of the tip 5 must be selected 
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for the peeling layer 4. More specifically, the material of 
the peeling layer 4 mus* nave low reactivity and adhe- 
sion with the material ot tip 5. 

Such material incL.; ^s, for example, BN, AIN, 
Al 2 0 3 , Si 3 N 4 , Si0 2 . TiN, Ti0 2 , V0 2 . Cr 2 0 3 , Zr0 2 , s 
Ta 2 0 5 . W0 3 , and the like. These materials can be 
formed by sputtering or vacuum evaporation. Especially, 
when the first substrate 1 consists of silicon, silicon 
dioxide (Si0 2 ) that can be obtained by oxidizing the sub- 
strate surface is preferable. 10 

Third, the tip 5 is formed on the peeling layer includ- 
ing the recess portion. A light transmission material is 
used for a light transmission portion of the tip 5. 

Such material includes inorganic materials such as 
Si0 2 , SiN, or the like, and organic materials such as is 
polyimide, and the like. When a light transmission con- 
ductive material such as ITO or the like is used, the 
obtained probe can be used in an SNOM/STM hybrid 
apparatus that measures resistance by applying a volt- 
age to a sample. When the light transmission layer itself so 
has insufficient peeling properties from the peeling 
layer, a peeling assist layer may be formed on the sur- 
face of the light transmission layer. As such assist layer, 
a metal such as Au or the like may be used. On the 
other hand, when the light transmission layer has insuf- 25 
ficient adhesion with a bonding layer, a bonding assist 
layer may be formed on the interface with the bonding 
layer. As such assist layer, a metal such as Au or the like 
may be used. 

The film formation of the individual materials of the 30 
tip 5 can use vacuum evaporation, sputtering, chemical 
vapor deposition, or the like as a thin film formation 
technique. After film formation, the material of the tip 5 
is patterned by known photolithography (Fig. 3C). 

Fourth, a light-receiving element or laser and its 35" 
waveguide are formed as a light-emitting or light-receiv- 
ing mechanism. 

Upon forming such components, a known silicon 
process or compound semiconductor process may be 
used (see Figs. 3D and 3E). 40 

Fifth, a bonding layer 26 is formed on the substrate 
21 or the elastic member 10 formed on the substrate 21 . 

The selond substrate 21 and elastic member 10 
serve as a member for supporting the tip 5 via the bond- 
ing layer 26. The bonding layer bonds the tip 5 by pres- 45 
sure, and if the tip 5 and bonding layer 26 consist of 
metals, a metallic bond can be obtained since they 
deform against each other by pressure. Hence, as the 
material, a metal, especially, a metal with high ductility 
and malleability such as Au, Pt, or the like is preferable, so 

Sixth, the material of the tip 5 on the peeling layer 4 
including the recess portion 3 is bonded to the bonding 
layer 26. In this process, an alignment apparatus, which 
can hold the individual substrates by vacuum chucks 
and the like, is used. After the tip 5 on the first substrate ss 
1 and the bonding layer 26 on the second substrate 21 
are aligned to face each other, they are brought into 
contact with each other and pressurized, thus bonding 
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the tip 5 and the bonding layer 26 (pressure bonding) 
(Fig. 3F). 

Seventh, peeling is done at the interface between 
the peeling layer 4 and tip 5 to transfer the material of 
the tip 5 onto the bonding layer 26. 

More specifically, when the first and second sub- 
strates 1 and 21 are separated away from each other, 
the tip 5 is peeled from the peeling layer 4 at their inter- 
face. 

Eighth, a micro aperture for detecting or irradiating 
light is formed at the distal end of the tip 5. 

For example, the tip distal end portion of the light 
transmission layer covered by a metal layer 7 as a light- 
shielding layer is brought into contact with a metal sub- 
strate, and a voltage is applied across the distal end of 
the tip 5 and the metal substrate via electrode wiring. 
Upon application of the voltage, a coating metal film 
portion at the distal end of the tip 5 is removed by elec- 
tric field evaporation or heat fusion, thus forming a micro 
aperture. 

In practice, a tip, which used Au as the metal layer 
7 and SiO z as the light transmission layer, was brought 
into contact with an Au metal substrate while controlling 
the elastic deformation amount of an elastic cantilever 
having an elastic constant of 0.1 [NAn] to 1 [pm] or less, 
i.e.. controlling the contact force to 10~ 7 [N] or less, and 
a voltage (crest value: 10 [V], waveform: rectangular 
wave, time duration: 100 [us], load resistance: 1 [MH]) 
was applied thereto. As a result, the micro aperture 
formed had a diameter of about 20 [nm]. 

Alternatively, the tip 5 may be formed to have a mul- 
tilayered structure using materials having different 
refractive indices, and may be scanned on the sample 
surface with a load so as to polish the top surface layer, 
thus forming a micro aperture at the waveguide portion. 

The present invention also includes a surface 
observation apparatus and recording/reproduction 
apparatus using the probe manufactured by the above- 
mentioned processes. 

TTiis probe is brought close to or into contact with a 
sample and is two-dimensionally scanned by an x-y 
actuator relative to the sample in the plane of the sam- 
ple so as to detect evanescent light leaking out through 
the sample surface. In this way, the surface state of the 
sample can be observed. 

On the other hand, this probe is used to cause 
changes in surface state in a micro region on a record- 
ing medium, and such changes in surface state are 
observed, thus realizing a recording/reproduction appa- 
ratus. In this case, the SNOM signal itself can be used 
in interval control or contact force control with the sam- 
ple or recording medium. 

When the tip (tip 5) is present on the elastic mem- 
ber, a technique such as an optical lever, piezoresist- 
ance element, or the like used in an AFM may be used. 
Also, a technique used in an STM or a technique based 
on the shear force may be used, and these means do 
not limit the present invention. 
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By executing parallel processing of information 
using a mufti probe that carries a plurality of probes 
according to the present invention, a surface observa- 
tion apparatus or recording/reproduction apparatus with 
a high transfer rate can be provided. 

Since the SNOM probe according to the present 
invention is formed on the elastic cantilever, the magni- 
tude of the contact force between the tip (tip 5) distal 
end and sample can be controlled to a given value or 
less while the tip (tip 5) distal end contacts the sample. 

For example, let k be the elastic constant of the 
elastic cantilever, and Az be the maximum amount of 
positional variations of the tip distal end in the z-direc- 
tion. Then, since contact force variations while all tip (tip 
5) distal ends contact the surface of the recording 
medium or sample are represented by kAz, the magni- 
tudes of all the contact forces can be controlled to kAz 
or less by controlling the position between the second 
substrate 21 and the recording medium or sample in the 
z-direction. In this fashion, the tip (tip 5) distal end, or 
the recording medium or sample can be prevented from 
being destroyed by an excessive contact force applied. 

The detailed embodiments of the present invention 
will be explained below. 

[First Embodiment] 

The first embodiment is directed to an evanescent 
light probe and its manufacturing method according to 
the present invention. Figs. 1 and 2A to 2C show the 
structure of the probe. 

The probe of this embodiment comprises an elastic 
lever 10 formed on a substrate 21, a tip 5 which is 
formed on the free end portion of the elastic lever and 
irradiates evanescent light, a laser 20, and a waveguide 
28 for optically connecting the laser 20 and the tip 5. 

Figs. 3A to 3G are sectional views showing the 
manufacturing processes of the evanescent light probe 
according to this embodiment. 

The manufacturing method will be explained below 
with reference to Figs. 3A to 3G. 

A (100) single-crystal silicon wafer was prepared as 
a first substrate 1 . f 

A 100-nm thick silicon thermal oxide film was 
formed as a protection layer 2. A desired portion of the 
protection layer 2 was patterned by photolithography 
and etching to expose 10-nm 2 silicon. 

The silicon exposed from the patterned portion was 
etched by crystallographic axis anisotropic etching 
using ah aqueous potassium hydroxide solution. 

Note that the etching conditions were: a 30% aque- 
ous potassium hydroxide solution was used, and a solu- 
tion temperature of 90°C and an etching time of 10 min 
were set. 

At this time, a inverted pyramidal recess portion 3 
having a depth of about 7 urn and surrounded by four 
surfaces equivalent to the (1 1 1) plane was formed (see 
Fig. 3A). 



The thermal oxide film as the protection layer 2 was 
then removed by an aqueous solution mixture of hydro- 
gen fluoride and ammonium fluoride (HF : NH 4 F =1:5). 
After the removal, the first substrate 1 was washed 

5 using a solution mixture of sulfuric acid and hydrogen 
peroxide heated to 120°C, and a 2% aqueous 
hydrofluoric acid solution. The first substrate 1 was 
heated to 1,000°C in an oxygen/hydrogen atmosphere 
using an oxidization oven to deposit a 500-nm thick sili- 

10 con dioxide (Si0 2 ) film serving as a peeling layer 4 (see 
Fig. 3B). 

The film formation for the material of the tip 5 was 
done. A 0.1 -um thick gold (Au) film was formed by vac- 
uum evaporation to obtain a metal film 7, and a 0.6-um 

75 thick ITO (indium tin oxide) film was formed by sputter- 
ing to obtain a light transmission layer 8. These films 
were then patterned by photolithography and etching. In 
this case, Au etching used an aqueous solution mixture 
of Kl and l 2 , and ITO etching used an aqueous solution 

20 mixture of HCI and FeCI 3 . After patterning, a 0.3-um 
thick gold (Au) film was formed again by vacuum evapo- 
ration, and was patterned by photolithography and etch- 
ing to obtain a bonding assist layer 9 (see Fig. 3C). 
A 300-um thick single-crystal n-lnP substrate was 

25 used as a second substrate 21 , and a 1 -pm thick n-lnP 
buffer layer 22, a 0.1 -um thick InGaAsP active layer 23, 
a 1 .5-um thick p-lnP cladding layer 24, and a 0.3-um 
thick p-lnGaAs capping layer 25 were formed in turn on 
the substrate 21 by MOCVD (metal organic chemical 

30 vapor deposition) (see Fig. 3D). 

The obtained multilayered structure was patterned 
and etched by photolithography to form a ridge struc- 
ture, thus obtaining a laser 20. The wavelength of the 
laser formed by the above-mentioned method was 1 .3 

35 um. Etching was done by RIBE (reactive ion beam etch- 
ing) using Cl 2 gas. A 3-um thick Si0 2 film as a lever 
material, insulating layer 27, and mask layer 29 was 
formed on both surfaces of the structure by sputtering. 
The Si0 2 films on both surfaces were patterned and 

40 etched by photolithography to form contact holes, a can- 
tilever structure, and a mask layer 29. 

The thickness of the cantilever was 1 urn. A200-nm 
thick AuGe film and 300-nm thick Au film were depos- 
ited by vacuum evaporation, and were pattern ecTand 

45 etched by photolithography to form a bonding layer 26, 
wiring electrode 33, and output electrode 30 on the sub- 
strate side. A 3-um thick SI0 2 film as a waveguide 28 
was deposited by sputtering. The waveguide 28 was 
then formed by photolithography and etching. The etch- 
so ant used was an aqueous solution mixture of hydrochlo- 
ric acid (HCI) and phosphoric acid (H 3 P0 4 ). In this 
case, the projecting portion of the waveguide formed a 
secondary diffraction grating. From this grating, light 
inside the waveguide can be output upward. The 

55 waveguide 28 had a height of 2 um and a width of 5 um. 
A 50-nm thick Cr film and 300-nm thick Au film were 
deposited by vacuum evaporation, and were patterned 
and etched by photolithography to form an output elec- 



5 



BNSDOCID: <EP 0860726A1_I_> 



9 • EPO* 

trode 31 of the capping layer (see Fig. 3E). 

After the tip 5 on the first substrate 1 and the bond- 
ing layer 26 on the second substrate 21 were aligned to 
face each other, they were brought into contact with 
each other and were pressurized, thus bonding the tip 5 
and the bonding layer 26 (pressure bonding) (Fig. 3F). 

The first and second substrates 1 and 21 were sep- 
arated from each other to peel the peeling layer 4 and 
tip 5 at their interface. 

After a protection film was formed on the surface of 
the second substrate, the n-lnP substrate was etched 
from its rear surface using an aqueous HCI solution to 
form an Si0 2 cantilever. After the formation of the canti- 
lever, the protection film was removed. 

Finally, the tip 5 covered by the metal layer 7 was 
brought into contact with a metal substrate, and a volt- 
age was applied across the tip 5 and metal substrate via 
the wiring electrode 33 by a voltage application means. 

Upon application of the voltage, a micro aperture 
was, formed at the tip distal end portion of the metal 
layer 7. The diameter of the aperture was about 20 nm 
(see Fig. 3G). 

Rg. 4 shows the arrangement of an observation 
apparatus using the probe of this embodiment. A sam- 
ple 1 7 is placed on a holder on an x-y-z scanner. The 
probe of this embodiment is set to oppose the sample 
1 7, and x-y scanning is done while the tip 5 contacts the 
sample 1 7. 

In this process, evanescent light irradiated from the 
tip onto the surface of the sample 17 and reflected 
thereby is focused using an objective lens, and is 
detected using a photomultiplier, thus allowing surface 
observation. 

[Second Embodiment] 

The second embodiment is directed to another eva- 
nescent light probe and its manufacturing method 
according to the present invention. 

Fig. 5 shows the structure of the probe. The probe 
of this embodiment comprises an elastic lever 10 
formed on a substrate 21 , a tip 5 which is formed on the 
free enQ portion of the elastic lever and detects evanes- 
cent light, a light-receiving element 19, and a waveguide 
28 for optically connecting the light-receiving element 
19 and the tip 5. 

The light-receiving element 19 has the same struc- 
ture as that of the laser 20 used in the first embodiment, 
and when a reverse electric field is applied, carriers are 
excited and a current flows in response to incoming 
light. In this way, evanescent light can be detected. In 
this embodiment, a plurality of probes are disposed on 
the second substrate 21. 

Figs. 6A to 6G are sectional views showing the 
manufacturing processes of the evanescent light probe 
according to this embodiment. 

The manufacturing method will be explained below 
with reference to Figs. 6A to 6G. 
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A (100) single-crystal silicon wafer was prepared as 
a first substrate 1. 

A 100-nm thick silicon thermal oxide film was 
formed as a protection layer 2. A desired portion of the 
s protection layer 2 was patterned by photolithography 
and etching to expose 10-nm 2 silicon. 

The silicon exposed from the patterned portion was 
etched by crystallographic axis anisotropic etching 
using an aqueous potassium hydroxide solution. 
10 Note that the etching conditions were: a 30% aque- 
ous potassium hydroxide solution was used, and a solu- 
tion temperature of 90°C and an etching time of 10 min 
were set. At this time, a inverted pyramidal recess por- 
tion 3 having a depth of about 7 jim and surrounded by 
is four surfaces equivalent to the (1 1 1) plane was formed 
(see Fig. 6A). f 

The thermal oxide film as the protection layer 2 was 
then removed by an aqueous solution mixture of hydro- 
gen fluoride and ammonium fluoride (HF : NH 4 F =1:5). 
20 After the removal, the first substrate 1 was washed 
using a solution mixture of sulfuric acid and hydrogen 
peroxide heated to 120°C, and a 2% aqueous 
hydrofluoric acid solution. The first substrate 1 was 
heated to 1 ,000°C in an oxygen/hydrogen atmosphere 
25 using an oxidization oven to deposit a 500 -nm thick sili- 
con dioxide (SiOo) film serving as a peeling layer 4 (see 
Fig. 6B). 

The film formation for the material of the tip 5 was 
done. A 0. 1 -*im thick gold (Au) film was formed by vac- 
30 uum evaporation to obtain a mietal film 7, and a 0.6-|im 
thick ITO (indium tin oxide) film was formed by sputter- 
ing to obtain a light transmission layer 8. These films 
were then patterned by photolithography and etching. In 
this case, Au etching used an aqueous solution mixture 
35 of Kl and l 2 and ITO etching used an aqueous solution 
mixture of HCI and FeCl3. After patterning, a 0.3-um 
thick gold (Au) film was formed again by vacuum evapo- 
ration, and was patterned by photolithography and etch- 
ing to obtain a bonding assist layer 9 (see Fig. 6C). 
40 A 300-|im thick single-crystal n-lnP substrate was 
used as a second substrate 21, and a 1-^m thick n-lnP 
buffer layer 22, a 0.1 -pm thick InGaAsP active layer 23, 
a 1.5-nm thick p-lnP cladding layer 24, and a 0.3-ujn 
thick p-lriGaAs capping layer 25 were formed in turn on 
45 the substrate 21 by MOCVD (metal organic chemical 
vapor deposition) (see Fig. 6D). 

The obtained multilayered structure was patterned 
and etched by photolithography to form a ridge struc- 
ture, thus obtaining a light-receiving element 19. Etch- 
so ing was done by R I BE (reactive ton beam etching) using 
Cl 2 gas. A 3-^m thick Si0 2 film as a lever material, insu- 
lating layer 27, and mask layer 29 was formed on both 
surfaces of the structure by sputtering. 

The Si0 2 films on both surfaces were patterned 
55 and etched by photolithography to form contact holes, a 
cantilever structure, and a mask layer 29. 

The thickness of the cantilever was 1 urn. A 200-nm 
thick AuGe film and 300-nm thick Au film were depos- 
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ited by vacuum evaporation, and were patterned and 
etched by photolithography to form a bonding layer 26, 
wiring electrode 33, and output electrode 30 on the sub- 
strate side. 

In this case, Au etching used ion milling to taper the s 
waveguide connection portion of the bonding layer. 

A 3-jim thick SI0 2 film as a waveguide 28 was 
deposited by sputtering. The waveguide 28 was then 
formed by photolithography and etching. The etchant 
used was an aqueous solution mixture of hydrochloric 10 
acid (HCI) and phosphoric acid (H3PO4). 

The waveguide 28 had a height of 2 urn and a width 
of 5 fim. A 50-nm thick Cr film and 300-nm thick Au film 
were deposited by vacuum evaporation, and were pat- 
terned and etched by photolithography to form an output ?5 
electrode 31 of the capping layer (see Fig. 6E). 

After the tip 5 on the first substrate 1 and the bond- 
ing layer 26 on the second substrate 21 were aligned to 
face each other, they were brought into contact with 
each other and were pressurized, thus bonding the tip 5 20 
and the bonding layer 26 (pressure bonding) (Fig. 6F). 
The first and second substrates 1 and 21 were sepa- 
rated from each other to peel the peeling layer 4 and tip 
5 at their interface. 

After a protection film was formed on the surface of 25 
the second substrate, the n-lnP substrate was etched 
from its rear surface using an aqueous HCI solution to 
form an Si02 cantilever. After the formation of the canti- 
lever, the protection film was removed. 

Finally, the tip 5 covered by the metal layer 7 was 30 
brought into contact with a metal substrate, and a volt- 
age was applied across the tip 5 and metal substrate via 
the wiring electrode 33 by a voltage application means. 
Upon application of the voltage, a micro aperture was 
formed at the tip distal end portion of the metal layer 7. 35 
The diameter of the aperture was about 20 nm (see Fig. 
6G). 

As shown in Figs. 5 and 6A to 6G. in this embodi- 
ment, the micro aperture is formed by forming a metal 
layer as a light-shielding layer. The structure of this 40 
embodiment that guides light detected by the tip toward 
the light-receiving element does not always require the 
light-shieldintjlayer. However, the light-shielding layer is 
preferably arranged since the photodetection resolution 
can be improved. 45 

Fig. 7 shows the arrangement of an SNOM obser- 
vation apparatus using the probes of this embodiment. 
A sample 17 is placed on a transparent substrate on an 
x-y-z scanner. 

Light is irradiated to make an angle that satisfies so 
the total reflection conditions with the surface of the 
sample 1 7 from the rear side of the sample 17 via the 
transparent substrate. At this time, light is not transmit- 
ted upward (Fig. 7) through the surface of the sample 
17, but evanescent light leaks out through the surface 55 
within a very close vicinity 0.1 jim or less from the sur- 
face of the sample 17. 

When x-y scanning is done while the tip (tip 5) distal 



ends of a plurality of SNOM probes contact the sample 
17, the evanescent light components enter the 
waveguide 28 via the micro apertures of the SNOM 
probes, and are detected by the light-receiving element 
19. The detected signals are l/V-converted and are 
input to a multiplexer to obtain multi SNOM signals. 

By plotting the magnitudes of such SNOM signals, 
an SNOM observation image of the sample 1 7 can be 
obtained. 

[Third Embodiment] 

The third embodiment is directed to still another 
evanescent light probe and its manufacturing method 
according to the present invention. Figs. 8, 9A and 9B 
show the structure of the probe. 

The probe of this embodiment comprises an elastic 
lever 10 formed on a substrate 21, an evanescent light 
tip 5 formed on the free end portion of the elastic lever, 
a light-receiving element 19, a laser 20, and a 
waveguide 28 for optically connecting the light-receiving 
element 19 and laser 20 to the tip 5. 

When the laser 20 used in the first embodiment and 
the light-receiving element 19 used in the second 
embodiment are connected to the tip (tip), return light of 
evanescent light irradiated from the tip onto a recording 
medium 18 can be detected. In this embodiment, a plu- 
rality of probes are disposed on the second substrate 
21. 

Figs. 10A to 10G are sectional views showing the 
manufacturing processes of the evanescent light probe 
according to this embodiment. 

The manufacturing method will be explained below 
with reference to Figs. 10A to 10G. 

A (100) single-crystal silicon wafer was prepared as 
a first substrate 1 . 

A 100-nm thick silicon thermal oxide film was 
formed as a protection layer 2. A desired portion of the 
protection layer 2 was patterned by photolithography 
and etching to expose 10-jim 2 silicon. The silicon 
exposed from the patterned portion was etched by crys- 
tallographic axis anisotropic etching using an aqueous^ 
potassium hydroxide solution. Note that the etching ^ 
conditions were: a 30% aqueous potassium hydroxide 
solution was used, and a solution temperature of 90°C 
and an etching time of 10 min were set. At this time, an 
inverted pyramidal recess portion 3 having a depth of 
about 7 nm and surrounded by four surfaces equivalent 
to the (1 1 1) plane was formed (see Fig. 10A). 

The thermal oxide film as the protection layer 2 was 
then removed by an aqueous solution mixture of hydro- 
gen fluoride and ammonium fluoride (HF : NH 4 F =1 : 5). 

After the removal, the first substrate 1 was washed 
using a solution mixture of sulfuric acid and hydrogen 
peroxide heated to 120°C. and a 2% aqueous 
hydrofluoric acid solution. The first substrate 1 was 
heated to 1,000°C in an oxygen/hydrogen atmosphere 
using an oxidization oven to deposit a 500-nm thick sili- 
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con dioxide (Si0 2 ) film serving as a peeling layer 4 (see 
Fig. 10B). 

The film formation for the material of the tip 5 was 
done. Two different polyimide materials having different 
refractive indices were prepared. A polyimide film a 1 1 , 
a polyimide film b 12 serving as a light transmission 
layer 8, and another polyimide film a 1 1 were formed all 
by spin coating. The obtained multilayered structure 
was patterned by photolithography and etching. In this 
embodiment, polyimide was used. Alternatively, silicon 
oxide films having different refractive indices may be 
formed by sputtering to obtain a layer structure. In this 
case, different compositions can be obtained by chang- 
ing the 0 2 flow rate upon sputtering, and films having 
different refractive indices can be formed (see Fig. 
10C). 

A 300-nm thick single-crystal n-lnP substrate was 
used as a second substrate 21 , and a 1-jim thick n-lnP 
buffer layer 22. a 0.1 -^m thick InGaAsP active layer 23, 
a 1.5->irn thick p-lnP cladding layer 24. and a 0.3-nm 
thick p-lnGaAs capping layer 25 were formed in turn on 
the substrate 21 by MOCVD (metal organic chemical 
vapor deposition) (see Fig. 10D). 

The obtained multilayered structure was patterned 
and etched by photolithography to form a ridge struc- 
ture, thus obtaining a laser 20. Etching was done by 
RIBE (reactive ion beam etching) using Cl 2 gas. A 3-^m 
thick Si0 2 film as a lever material, insulating layer 27, 
and mask layer 29 was formed on both surfaces of the 
structure by sputtering. The Si0 2 films on both surfaces 
were patterned and etched by photolithography to form 
contact holes, a cantilever structure, and a mask layer 
29. The thickness of the cantilever was 1 pm. 

A 200-nm thick AuGe film and 300-nm thick Au film 
were deposited by vacuum evaporation, and were pat- 
terned and etched by photolithography to form a bond- 
ing layer 26. wiring electrode 33. and output electrode 
30 on the substrate side. In this case, Au etching used 
ion milling to taper the waveguide connection portion of 
the bonding layer. 

A 3-nm thick polyimide film serving as a waveguide 
28 was deposited by spin coating. The waveguide 28 
was then formed by photolithography and etching. 

The waveguide 28 had a height of 2 pm and a width 
of 5 Mm. A 50-nm thick Cr film and 300-nm Au film were 
deposited by vacuum evaporation, and were patterned 
and etched by photolithography to form an output elec- 
trode 31 of the capping layer (see Fig. 10E). 

After the tip 5 on the first substrate 1 and the bond- 
ing layer 26 on the second substrate 21 were aligned to 
face each other, they were brought into contact with 
each other and were pressurized, thus bonding the tip 5 
and the bonding layer 26 (pressure bonding) (Fig. 10F). 
The first and second substrates 1 and 21 were sepa- 
rated from each other to peel the peeling layer 4 and tip 
5 at their interface. 

After a protection film was formed on the surface of 
the second substrate, the n-!nP substrate was etched 



from its rear surface using an aqueous HCI solution to 
form an SiC> 2 cantilever. 

The tip distal end was polished by scanning the 
sample surface to form a micro aperture having a diam- 

5 eter of about 20 nm on the polyimide layer a 11 to 
expose the polyimide layer b 12 therefrom. With this 
structure, light is output from the vertex portion of the 
polyimide layer b 1 2. After that, in order to improve wear 
resistance, a diamond film was formed on the probe 

io surface (Fig. 10G). 

Fig. 11 shows the arrangement of a record- 
ing/reproduction apparatus using the probes of this 
embodiment. A recording medium 18 is placed on a 
holder on an x-y-z scanner. The probes of this embodi- 

75 merit are set to oppose the recording medium 1 8, and x- 
y scanning is done while the tips 5 contact the recording 
medium 18. An information recording voltage signal is 
demultiplexed by a demultiplexer, and the demultiplexed 
signals are supplied to the lasers 20 of the individual 

20 probes via V/l conversion circuits, thus making the tips 
5 emit evanescent light. 

Upon recording, the laser beam power is increased 
to change the state of the recording medium. Upon 
reproduction, the laser beam power is dropped to read 

25 information while maintaining the state of the recording 
medium. 

As a recording medium used in the recording/repro- 
duction apparatus, i.e., as an example of a recording 
medium whose opticat characteristics are changed by 

30 the applied voltage, pentacosa-10,12-diynoic acid in 
which upon application of a voltage, the structure of 
diacetylene derivative polymer changes by Joule heat 
produced by currents that locally flow and the peak 
wavelength of the light absorption band shifts, as 

35 described in Japanese Laid-Open Patent Application 
No. 4-90152. is known. 

On the other hand, as an example of a recording 
medium whose optical characteristics change upon 
application of a voltage under irradiation of light, an azo 

40 compound having quinone and hydroquinone groups, 
which forms redox pairs due to cis-trans photoisomeri- 
zatton in response to only incoming light and causes, 
proton movement among these redox pairs upon appli- 
cation of an electric field, as described in Japanese 

45 Laid-Open Patent Application No. 2-98849, is known. 

[Fourth Embodiment] 

This embodiment is directed to an evanescent light 
so probe and its manufacturing method according to the 
present invention. Figs. 12 A to 12F show the manufac- 
turing method and structure of the probe. The probe of 
this embodiment comprises an elastic lever 10 formed 
on a second substrate 21 , a tip 5 which is formed on the 
55 free end portion of the elastic lever and irradiates eva- 
nescent light, a surface-emission laser 20 on the sur- 
face of a third substrate bonded to the second substrate 
21. 
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The manufacturing method wilt be explained below 
with reference to Figs. 12A to 12F. 

Following the same procedures as in the first 
embodiment, a tip 5 made up of a metal layer 7. light 
transmission layer 8. and bonding assist layer 9 was s 
formed (see Figs. 12A f 12B, and 12C). 

A 200-nm thick single-crystal silicon substrate was 
prepared as a second substrate 21 . and a 300-nm thick 
silicon dioxide film and 200-nm thick silicon nitride film 
were deposited on both surfaces of the substrate 10 
respectively by thermal oxidation and low-pressure 
chemical vapor deposition (LPCVD). The silicon nitride 
film on the surface was patterned to have a lever shape. 
A 5-nm thick chromium film and 50-nm thick gold film 
were then deposited and were patterned to form a is 
bonding layer 26 (see Fig. 12D). 

After the tip 5 on the first substrate 1 and the bond- 
ing layer 26 on the second substrate 21 were aligned to 
face each other, they were brought into contact with 
each other and were pressurized, thus bonding the tip 5 20 
and the bonding layer 26 (pressure bonding) (Fig. 12E). 

The first and second substrates 1 and 21 were sep- 
arated from each other to peel the peeling layer 4 and 
tip 5 at their interface. The silicon dioxide film and silicon 
nitride film on the rear surface were patterned to form an 25 
opening. After a protection film was formed on the sur- 
face, the second substrate 21 was etched using an 
aqueous potassium hydroxide solution, and the silicon 
dioxide film on the surface was also etched, thus form- 
ing a lever 10. 30 

The tip distal end was polished by scanning the 
sample surface with a load to form a micro aperture 
having a diameter of about 20 nm on the metal layer 7, 
thus exposing the light transmission layer 8 therefrom. 

Subsequently, a third substrate 1 19, on which light- 35 
emitting elements 116 comprising surface-emission 
lasers were disposed in a matrix at a position corre- 
sponding to the tip 5 on the second substrate 21, was 
prepared. The third substrate 1 19 is obtained by form- 
ing anodes 123, cathode 124, active layer 125, mirror 40 
layers 126, silicon nitride layer 127, and polyimide layer 
128 on a gallium arsenide substrate. The anodes 123 
are connected to the individual light-emitting elements 
116 to independently drive them. The silicon nitride 
layer 1 27 is formed to attain insulation of the anode 123. 45 
The cathode 124 is a common electrode. When a volt- 
age is applied across the anode 123 and cathode 124, 
a laser beam produced in the active layer 125 is 
reflected by the upper and lower mirror layers 126. and 
is emitted from the upper opening. After the third sub- so 
strate was prepared, the second and third substrates 2 1 
and 119 were bonded to each other using an epoxy 
resin 118 after they were aligned so that laser beams 
coming from the light-emitting elements 116 were 
directly guided to the tip 5 and the opening (see Fig. ss 
12F). 

The multi light probe was manufactured by the 
above-mentioned processes. 



Fig. 13 shows the arrangement of an exposure 
apparatus using the murti probe of this embodiment. A 
substrate applied with photoresist is placed on a holder 
on an x-y-z scanner. The probe of this embodiment is 
set to oppose the photoresist, and x-y scanning is done 
while the tip 5 contacts the photoresist. By ON/OFF- 
controlling evanescent light to be irradiated from the tip 
5 onto the photoresist surface, a micropattern can be 
formed, and high exposure speed can be realized. 

This embodiment has exemplified the probe struc- 
ture that directly guides light coming from each light- 
emitting element to the tip. Alternatively, as in the sec- 
ond embodiment, a light-receiving element may be 
formed in place of the light- emitting element, and light 
detected by the tip may be directly guided to the light- 
receiving element. In this case, the light-shielding layer 
with a micro aperture is not always required, as in the 
second embodiment. 

In the above-mentioned embodiments, the tip is 
supported by the cantilever. However, the present 
invention is not limited to such specific support struc- 
ture. For example, a double-supported lever type, tor- 
sion lever type, or the like may be used as the support 
structure. In case of the cantilever type and double-sup- 
ported lever type, the support member must be an elas- 
tic member, but in case of the torsion lever type, the 
support member is not limited to an elastic member. 

Claims 

t. A probe for detecting or irradiating light, comprising: 

a displaceable support member supported on a 
substrate; 

a tip formed on said support member and hav- 
ing a micro aperture; and 
a bonding layer for bonding said tip onto said 
support member. 

2. A probe according to claim 1 , further comprising a 
light-shielding layer formed on a surface of said tip, 
and 

wherein said micro aperture is formed on 
said light-shielding layer. 

3. A probe according to claim 1 , wherein said tip con- 
sists of a light transmission material. 

4. A probe according to claim 1 , further comprising: 

a light-emitting element and/or a light-receiving 
element formed on said substrate; and 
a waveguide formed between said light-emit- 
ting element and/or said light-receiving ele- 
ment, and said tip. and 

wherein a portion of said waveguide is 
formed on said support member. 
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A probe according to claim 1, wherein said sub- 
strate serves as a first substrate. 



bonding said second and third substrates after 
position alignment. 



said probe further comprises a second sub- 
strate formed with a light-emitting element 
and/or a light-receiving element, and 
said second substrate is bonded to said first 
substrate so that light emitted by said light- 
emitting element is directly guided to said tip or 
light detected by said tip is directly guided to 
said light-receiving element. 

6. A near-field optical microscope comprising a probe 
of claim 1 . 

7. A recording/reproduction apparatus comprising a 
probe of claim 1 . 

8. An exposure apparatus comprising a probe of claim 
1. 



w 



13. A method according to claim 10. wherein said light- 
shielding layer consists of a metal 

1 4. A method according to claim 1 0. wherein the step of 
forming the aperture includes the step of forming 
the aperture by applying a voltage to the tip distal 
end. 

1 5. A method according to claim 10. wherein the step of 
forming the aperture includes the step of forming 
the aperture by polishing the tip distal end. 
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9. A method of manufacturing a probe for detecting or 
irradiating light, comprising the steps of: 

forming a recess portion on a surface of a first 25 
substrate; 

forming a peeling layer on said first substrate 
including said recess portion; 
forming a tip consisting of a light transmission 
material on said peeling layer including said 30 
recess portion; 

forming a bonding layer on a second substrate; 
bonding and transferring said tip onto said 
bonding layer; and 

forming a support member for supporting said 35 
tip by removing a portion of said second sub- 
strate. 

10. A method according to claim 9, further comprising 
the steps of: 40 

forming a light-shielding layer on said peeling 
layer; and 

forming an aperture by removing a tip distal 
end of said light-shielding layer. 45 

11. A method according to claim 9, further comprising 
the step of: 

forming a light-emitting element and/or a light- so 
receiv- • element, and a waveguide on_said 
second :> jbstrate. 



12. A method according to claim 9, further comprising 
the steps of: 

forming a light-emitting element and light- 
receiving element on a third substrate; and 
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